Abstract
INTRODUCTION
Modern vehicles have to satisfy high driving safety as well as comfort requirements. The problem is to satisfy these contradictory requirements with classical passive vehicle suspension. Therefore it is increasingly more common to use adjustable suspension elements like variable dampers.
Figure 1: Curve of conflict between comfort and safety
By using controllable suspension systems it is possible to achieve various characteristics and get under the limiting curve. These systems are adaptive, both semi-active and active. The adaptive system is a supplement to passive suspension which has predefined step change damping characteristics [1] . The semi-active system is made up of suspension with variable changing of 6 
SEMI-ACTIVE MAGNETORHEOLOGICAL SUSPENSION SYSTEM
Changing of the variable characteristics of a semi-active system is possible in the first and the third quadrant. There is an infinite amount of damping characteristics but the critical element is the ability of readjustment of the damper, which should take about 10 miliseconds.
Figure 2: Quarter model of vehicle with semi-active suspension
In Figure 2 is quarter model of a vehicle with semi-active suspension, where m 2 is the mass of the bodywork, m 1 is the mass of the axle. C 1 and c 2 are coefficients of the springs and k is the coefficient of the damper. A magnetorheological damper uses magnetorheological fluid to change its properties. Regulation of the magnetorheological damper is performed by a control signal generated by input values. These values are used in an algorithm that controls the damping force of the magnetorheological damper. [2] The algorithms are Skyhook and Groundhook. The Skyhook algorithm was designed to improve the comfort of driving and the Groundhook was designed to increase the force between the wheels and the road, to improve driving safety. [3] 
MATHEMATICAL MODEL OF MAGNETORHEOLOGICAL DAMPER
The magnetorheological damper is described by the Spencer mathematical model. This model is shown in Figure 3 , modified Bouc-Wen model. 
EXPERIMENTAL MEASURING OF MAGNETORHEOLOGICAL DAMPER
Experimental measurement was performed on test rig EDYZ 4. Measurement was carried out on a magnetorheological damper which is actuated by the variety of conditions and situations that impact on damper while driving a vehicle. The displacement of the damper is measured by a potentiometer sensor and force is measured by using strain gauges. Displacement and the force on the damper are logged into a computer and are processed by LabVIEW. Figure 5 presents the damper measured characteristic and the modeled characteristic by Matlab/Simulink.
MODELING OF MAGNETORHEOLOGICAL DAMPER IN MATLAB/SIMULINK
The main goal in creating the model of MR damper in Matlab is to get closer to the real values of damper bahaviour. Creating a more accurate model of the damper helps facilitate development and can be reliably operated in the management of semi-active dampers. [5] . It is possible to estimate the parameters of models which describe the characteristics of the damper. Figure 5 presents the characteristics of modeled and measured data of a MR damper. It also shows that the Spencer model can be used for modeling the characteristics of the suspension. The main problem is with the identification of the model parameters, but the hysteresis behaviour is approximated nearly ideally. Approximation deviaton is caused by the usage of method of identification parameters.
Figure 5: Position/force and velocity/force figures of MR damper

SIMULATION OF VIRTUAL VEHICLE SUSPENSION SYSTEM WITH MAGNETORHEOLOGICAL DAMPERS
The model of a virtual vehicle is made in the MSC.ADAMS/Car program, by using the Ride environment. [4, 6 ] The virtual vehicle is tested by a four-post test rig, which is a virtual simulator of the road. The control system and the model of semi-active suspension were executed by Matlab/Simulink. The final results are obtained by cooperation of the Matlab and MSC.ADAMS programs.
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CONCLUSION
Designing the ideal vehicle suspension system is a difficult task for automotive engineers. This is the reason why semi-active dampers are used. For reliable management of their behavior it is necessary to use a suitable mathematical description. By comparing experimental and mathematical models in Matlab/Simulink, the suitability of the selected mathematical description of a damper is determined. This idea is subsequently used in the simulation of driving the virtual vehicle in the terrain, where the benefit of the magnetorheological damper to the safety and comfort of the passengers is demonstrated.
